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1. INTRO

DUCTION:
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p:  This SAE Recommended Practice establishes unifdrm labora
irement techniques for the determination of the 'susceptibilif
5ired electromagnetic sources of electrical, electronic, and
Lromechanical ground-vehicle components. ItCis intended as i
"d standard practice, but may be subject ta frequent change 1
experience and technical advances, and-this should be kept
jdering its use. ’

Measurement Philosophy:

The need for measurement of the suscept
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le electronic components to electromagnetic sources has becq
tial as more electronic components are introduced into motoy
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Ly to
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n mind when

bility of
me more
* vehicles.

ronic and electrical equipment may be susceptible to performance

Ties when subjected to electromagnetic sources, either of a
eady-state nature.

romagnetic interference (EMI) may be transient, intermittent
nuous in nature arising from sources such as transmitters o
ment located either on board or adjacent to the vehicle, or
nent parts of jthe vehicle ignition or electrical power syste

recommended practice sets forth uniform procedures for estat

ptibility levels of individual vehicle components. It does
s on ‘levels of EM energy in which vehicle components must pe

ersy-suggestions for developing functional performance statug

transient
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ifications for immunity are given in Appendix B.
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1.2 (Continued):

A direct method of specifying the EM energy environment 1imits is

to measure

the actual fields, voltages, current, and impedances around the component or

system of interest under all hazardous conditions. This will, of

course,

require a large enough sample of installations to determine possible

variations. Some example data showing fields exists in NBS Techni

cal Note

1014, "Electromagnetic Interference (EMI) Radiative Measurements for

Automotive Applications."

It isr
using procedures adopted as standard by the testing organization.

destru¢tive testing, such as transients on the power leads of Sect]
a handbook on statistical methods for details of the Karbey

consult

or the|Bruceton (stair-step) method of sensitivity measurements.

method$ eliminate the effects of cumulative degradation which ofter

during|destructive testing.
It is s
are cri
rather
Thus,

mainly
radiate
radiate
Section

than subject the component to the provisions of the entire
1f the particular component under test.is known to be suscep

d EMI, then only Section 4 need beapplied. Or, if suscept
s 6 through 9 need be applied.

Caution
voltage

must be exercised in many. portions of this procedure where
s or intense fields may be present.

ANSI an
field ¢
paragra

d OSHA standards should be consulted concerning applicable
xposure.
ph 1.3.7.

1.3 Definit

indicaf

ions and Terminology: The following definitions apply to t
ed as they'are used in this recommended practice:

1.3.1 Ambignt Level:
exist

opera

tGon.

uggested that only those portions of this recommended practi
tical to the particular use of the componént under test be applied,

d energy is known to be a primary cause of malfunctions, the

For near field power density calculations, refer t

Those Tevels of radiated and conducted signal and
ing,at a specified test location and time when the test sampue is in
Atmospherics, interference from other sources, and cifcuit

e tested
For

on 4,
method
hese
occurs

:

ce which

document.
fible

to transients, but otherwise well protected against conductdd and

ibility to
nonly

high

Tlimits on

0

he terms

noise

noise Or other interference generated within the measuring set compose the

ambient level.

1.3.2 Conducted Emission: Desired or undesired electromagnetic energy

propagated along a conductor.

1.3.3 Electromagnetic Compatibility (EMC): Is the condition that enab

which is

les

equipment, subsystems, and systems (electronic, chemical, biological,
etc.) to function without degradation from electromagnetic sources and
without degrading the electromagnetic environment; that is, it is the
condition which allows the coexistence of different electromagnetic
sources without significant change in performance of any one in the
presence of any or all of the other.
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1.3.4 Emission: Electromagnetic energy propagated from a source by radiation or
conduction.

1.3.5 Equipment Under Test (EUT): The device or system whose susceptibility is

being checked.

Field Decay (Voltage): The exponentially decaying negative voltage

transient such as developed by an automotive alternator when the field
excitation is suddenly removed, as when the ignition switch is turned off.

.3.7 Fi : i 0 either the
electric or the magnetic component of the field, and may be (exgressed as
V/m or A/m. When measurements are made in the far field and in free
space, the power densi%y in W/m2 may be obtained from fieJd strengths
approximately as (V/m)¢/377 or (A/m)2 x 377. When measurements are

made in the near field and in free space, both the compTex eledtric and

magnetic vector components of the field must be fuly defined. | Power

derjsity may then be obtained by use of the Poynting vector.

.3.8 Grqund Plane: A metal sheet or plate used aS{a common unipotential

reflerence point for circuit returns and electrical or signal pgtential.

3.9 Logd Dump (Voltage): The exponentially-decaying positive voltage
trdgnsient developed by an automotive @lternator when disconnectled,
suqdenly from its Toad, while operdting without a storage battery or with
a discharged storage battery. Removal of the load, the resulting
transient, or both in combination are commonly referred to as alternator

Toad dump.

.3.10 Radiated Emission: Radiation - and induction-field components| in space.
(For the purpose of thi's document, induction fields are classeld together
wilth radiation fields.)

.3.11 Spurious Emission: from a

dejvice.

Any unintentional electromagnetic emission

.3.12 Susceptibility: The characteristic of an object that results fin
unEesirable responses when subjected to electromagnetic energyl

Te t‘P1an: The specific document that details all tests and 1limits for
the particular device in question.

.3.13

CONDUCTED SUSCEPTIBILITY, 30 HZ TO 250 KHZ - ALL INPUT AND OUTPUT LEADS
INCLUDING POWER:

.1 Purpose: This section covers the requirements for determining the
susceptibility characteristics of automotive electronic equipment,
sub-systems, and systems to EM energy injected onto all leads. This test
may be used over the frequency range of 30 Hz to 250 kHz.



https://saenorm.com/api/?name=ad7db4a89b696ef3b6fdad939ef18ee3

J1113 SAE, Page 4

2.2

2.3

2.4

2.5

Measurement Philosophy:, For the frequency range of this test, the
impedances seen by the signal, load and power supply leads are generally
known and can be treated as lumped constants. In this test, a wide range
audio voltage source is coupled through a transformer to each specified pin
of the EUT. The signal source impedance must be low in comparison to the
impedance of the circuit being tested. Experience has shown that a signal
source impedance of 0.5 ohms maximum is adequate for the test. The EUT
should be connected so it will operate in its normal manner. Actual loads
and sources should be used where appropriate or may be simulated. A
capacitor shunt element should be used on a specific lead, if a large
percentage—of—the—test—signal—deesnot—appear—across—the signal,load or

p
power qupply lead relative to ground. (See Fig. 1.)

Grounding and Shielding: For the stated frequency range thereCare ho

special grounding and shielding requirements. However, the'requirements of
paragrgph 3.3 may be utilized here, if expedient.

Apparatlus: To utilize the full frequency range of this test, the apparatus
shall He as follows:

(a) Auddio Oscillator: 30 Hz to 250 kHz.

(b) AyYdio Power Amplifier: 50 W or greaterywith output impedance pqual to,
ont less than, 2.0 @ (capable of delivering 50 W into a 0.5 Q resistive

1dad connected across an isolationitransformer secondary). 30| Hz to

290 kHz

(c) 1Igolation transformer: 4:1-impedance ratio; secondary as conrlected

shall be capable of handling the current flow without saturating the
cqre. 30 Hz to 250 kHz

(d) Measuring Instrument: Oscilloscope, Voltmeter, or EMI Meter.

(e) Pqwer Supply: (The power supply used for this test shall have |the
equivalent of 100 »f (min) capacitor across the output termingls.

(f) Capacitor:) A 100 .f capacitor may be used to shunt the sourcq end of
the jsolation transformer to ground, if difficulty is encountgred in
obtaining sufficient test voltage.

Test Setup and Procedures: The test setup i1s shown 1n Fig. I.

(a) The system power supply voltage shall be set as specified in the test
plan.

(b) The audio oscillator shall be tuned through the required frequency
range (30 Hz to 250 kHz).

(c) The injected voltage level shall be progressively increased toward the

level specified in the test plan. Alternatively, the test voltage may
be held at a specified test level and, if an effect on the EUT is

detected, the test voltage reduced to determine the threshold.
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2.5

(Continued):

(d) The EUT shall be monitored for (1) malfunction, (2) degradation of

performance, or (3) deviation of parameters beyo
in the equipment specification or the test plan.

(e)

frequency and the threshold level shall be recorded.

nd tolerances indicated

The effects resulting from the injection of electromagnetic energy, the

2.6 Notes:

2.6.1 The upper frequency limit for items 2.4a, 2.4b, and 2.4c can bg reduced in
acqordance with the user's frequency range requirements.

2.6.2 1It|is recognized that other types of equipment can produce equivalent
signals, for example, a Power Oscillator can replace.thé oscilllator and
amglifier; a Power Operational Amplifier can replace the ampliflier and
power supply, etc.

2.6.3 Theg following procedure can be used to verifythe signal source impedance
at [the isolation transformer secondary terminals.

(a)] Set a voltage level at the primary-terminals and measure the open
circuit secondary voltage (Vqc)
(b)| Connect a known load R across the secondary and measure the
closed-circuit secondary voTtage (V¢c)
(c)| The impedance shall be_calculated as follows:
RL (Voo = Vee)
7 = L YYoc el (@)
Vee
(d)| Repeat the above procedure at one frequency per decade from 30 Hz to
250 kHz>(dncluding 30 Hz and 250 kHz). '
(e)| The-measured impedance shall be less than, or equal to 0.p%.
3. CONDUCTED,"SUSCEPTIBILITY, 50 KHZ TO 100 MHZ - ALL INPUT AND OUTPUT LEADS,
INCLUD ING PUWER™

3.1 Purpose: This section covers the requirements for determining the
susceptibility characteristics from 50 kHz to 100 MHz of automotive

electr
leads,

3.2

onic equipment, subsystems,
including signal and power.

and systems to EMI injected onto all input

Measurement Philosophy: Power-source RF impedance seen by a given type of

electronic equipment depends upon this varying impedance and would render
susceptibility measurements meaningless unless the impedance is also

measur

ed or controlled. In order to compare measurements made at

various

lTocations, powerline RF impedance seen by the equipment shall be controlled

by Tin
will o
where

e-impedance stabilization networks.
perate in its normal manner. Actual loads and sources shou
appropriate or may be simulated.

The EUT should be connected so it

1d be used
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3.3 Groun

ding and Shielding: To achieve uniform measurement conditions at radio

frequ
requi

(a)

(b)
(c)

3.4 Power

encies requires that certain grounding practices be followed. Ground

rements are that EUT, LISNs, and terminating loads:

be placed on a metallic ground plane having the following minimum

dimensions:

1. Thickness: 1.5 mm (0.060 in) aluminum, copper, or brass

sheet.

Z. Length: 1 m or underneath entire equipment plus 0.5 m whichever is

larger.

npot otherwise be grounded, unless required in installation
instructions. The line-impedance stabilization networks shal

shielding is to be used other than that called-out in install
nstructions.

Input Lead Test:

3.4.1 Apparatus:

(a)

(b)

(c)

(d)
(e)

Signal Source: A 50 Q output-impedance source with an outp
V or greater into a matched load.

One of the following to measure RF voltage:

1. Calibrated Oscilloscope

2. High Impedanceé RF Voltmeter
3. EMI Meter

4, Spectrum Analyzer

e bonded to the ground plane as in its intended installation.

1 be

bonded to the ground plane as close as possible to“the EUT ground. No

ation

ut of 100

Line-Impedance Stabilization Networks (LISN's): as specifi

should be exercised to avoid load-current limiting due to
inductance in the LISN. This 1imiting may occur when load

ed in

Figs. 2Zand 3 with 50 Q resistive RF terminations. (See Appendix A
for suggestion of construction details.) When using a LISN, caution

ries
switch

between high and Tow impedance states. Use of a LISN may then result

in increased susceptibility.
Test-Source Injection Networks illustrated in Fig. 4.

Power Supply: DC.
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3.4.2 Test Setup and Procedure:

The test setup is shown in Fig. 5.

procedure is as follows:

(a)

(b

(c)

(d

(e)

Each control and signal lead shall be loaded with a termin
impedance. At these frequencies, however, the impedance a
the control and signal Teads may no longer be determined b
system designer, due to uncontrollable stray impedances.
possible to simulate these impedances with a simple capaci
inductor added to the actual leads if the frequency in MHz
greatly exceed 300/20 7 where the ¢ is the characteristic
i . s €signer should
test plan and setup to given uniform results.

The EUT shall be connected as shown in Fig. 5, obsérving t
grounding and shielding requirements of paragraph 3.3.

Signal sources and measuring instrumentation 'shall be con
LISN through test-source injection networks:. Care shall
to insure sufficiently short leads on theCinjection networ
LISN's to minimize loss of signal due €6 series inductance
capacitance. A current probe on thedinjection lead right
EUT can be used to monitor the signal. For signal-source
measuring-instrument impedance equal to 50 Q, use the
signal-injection network of Fig/4A. For a signal-source
of 50 Q and a high-impedance measuring instrument, use the
signal-injection network of ‘Fig. 4B. Note the correspond
attenuation factors.

Increase the Tevel of _the test signal while continuously ¢
through the required-frequency range (50 kHz - 100 MHz).
be conducted at not Tess than three frequencies per octavg
representing the ‘maximum susceptibilities within that octa
Monitor the equipment under test for: (1) malfunction, (2
degradation jof performance, or (3) deviation of parameters
tolerancés-indicated in the equipment specification or ap
plan (See paragraph 3.6). Record the highest level before
degradation was observed.

See” paragraph 2.5(c).

3.5 All Leads Except Power:

3.5.1

(a)
(b)
(c)

Aggaratus:

Signal Sources: as for powerline measurements.

Measuring Instruments: as for powerline measurements.

Test Source Injection Networks: see Fig. 4.

The

ation

S seen by
y the

It may be
tor and

does not
Tead length
design the

he

ected to an
e exercised
ks and

and shunt
next to the
and

impedence

ng

canning
Tests shall

ve.

~—

beyond
roved test
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3.5.2 Test Setup and Procedure:

(a)

(b)

(c)

3.6 Notes

(a)

(b)

Ea
di

by
fn

un
te
fa

1.

impedance should be within“20% of the curves in Figs. 2 and 3.

Test setup is shown in Fig. 6. Note that the LISN remains in the
powerline circuit and its RF injection terminal is loaded with 50 Q.

Each control and signal termimal not under test is loaded with its
terminating impedance and test signals are injected into the test
terminal as indicated in Fig. 6. At these frequencies, however, the
impedances seen by control and signal leads may no longer be
determined by the system designer. It may be possible to simulate

i i i e shall
be exercised to insure sufficiently short leads on the injedtion
networks and LISN's to minimize Toss of signal due to serie
inductance and shunt capacity. A current probe on the dnjedtion
lead right next to the EUT can be used to monitor the signdl.

Increase the level while continuously scanning through the rlequired
frequency range (50 kHz - 100 MHz). Tests sha®™ be conducted at not
less than three frequencies per octave representing the maximum
susceptibilities within that octave. Monitor the EUT for: [(1)
malfunction, (2) degradation of performance, or (3) deviatidn of
parameters beyond tolerances indicated in the equipment speclification
or approved test plan. (See paragraph 3.6.) The values at Which
these occur shall be recorded.

ch LISN shall be tested over the range for which it is designed. The

If any
example,
higher

screpancies occur, then the network should be modified, for
adding ferrites to(Ginductor leads to increase impedance at
equencies.

less otherwise\.required in the equipment specifications or a

st plan, the test signals shall be modulated according to th
TTowing rules:

pproved
e

Test—samples with audio channels/receivers.
AM<Receijvers: Modulate 30% with 1000 Hz tone.

FM Receivers: Modulate with 1000 Hz signal using 30% moduflation.

— SSB™RecetversT  USe no modutation,
Other Equipments: Same as for AM receivers.
Test samples with video channels other than receivers. Modulate
90 - 100% with pulse of duration 2/BW and repetition rate equal to
BW/1000, where BW is the video bandwidth (Hz).
Digital Equipment: Use pulse modulation as appropriate with pulse
duration and repetition rate set equal to that used in the
equipment under test or associated with other known external pulse
sources that may be operating in close proximity.
Non-Tuned Equipment: Amplitude modulate 30% with 1000 Hz tone or
as otherwise specified in the test plan.
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4.
4.1

4.2

4.3

CONDUCTED SUSCEPTIBILITY, TRANSIENTS, POWER LEADS 12 V PASSENGER C

AR SYSTEMS:

Purpose: This section describes methods and apparatus to determi
capability of various electrical devices to withstand transients
normally occur in motor vehicles. Test apparatus specifications
this section were developed for 12 V passenger cars.

are being developed for 12 V trucks and 24 V vehicles.

Functional performance status classifications for immunity to tra
given in Appendix B. EUT performance requirements for each of th
puls v med:

Meas
cont
valu
the

star
capa
in t
outl
Cond
- E1l
meth
Tabo
and

devi

irement Philosophy: Installed equipment is powered from ‘sou
ain, in addition to the desired electrical voltage, transien
s many times this value, caused by the release of stored en
pperation of relay and other loads connected to the)source a
t and turn off of vehicles. These tests are des'igned to det
pility of equipment to withstand such transients. The tests
ne laboratory (bench tests) as well as on the vehicle. Thes
ined in ISO/TR 7637, "Road Vehicles - Electrical Interferenc
iction and Coupling: Part 1, Vehicles with Nominal 12 V Sup
ectrical Transient Conduction Along Supply Lines Only." Ben
pds should give results which allow‘comparison between diffe
ratories and are intended to provide a basis for development
systems. These tests may also be-used later during producti
Ces and systems.

Thes
vehi¢le. Therefore, the test pulses described in paragraph 4.3 :
characteristic of typical.pulses. To ensure proper operation of
in the electromagnetic environment, on-board testing must be perf
addition to bench testing.

Apparatus:
(a)

Pulse generators capable of generating the transient wavefor
Figs. JA - 7H shall be adjustable up to the amplitudes indig
specification of rise time (T,), duration (T), and internal
resistance (R;j) represent fixed requirements unless otherwis
specified.

(b) Oscilloscope (preferably storage):
band width: at least 100 MHz
writing speed: at least 100 cm/us

input sensitivity: at least 5 mV/division

for monitoring the pulse

e tests may not cover all itypes of transients which can occuy

ne the
which
outlined in

Similar specifications

nsients are
e test

ces which

S with peak
rgy during
d during
rmine the
may be made
tests are
by

1y Voltage
h test

ent

of devices
n of these

in a
re
a vehicle
ormed in

ms shown in

ated. The

e

generator
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4.3 (Continued):
(c) Voltage Probe: for use in conjunction with the oscilloscope.
attenuation - 100/1
maximum input voltage - at least 1 kV
input impedance as a function of the frequency, f:
f (MHz) Z (ko)
1 40
10 4
106 040
aximum length of the probe cable - 3 m
aximum length of the ground cable - 0.13 m
Note: | Any other cable Tengths may influence the result Of the measurement
and should be stated in the test report.
(d) Switch S: Use standard production switch for-the respective EUT.
Current rating must be sufficient to handl& the required loads.
(e) Equipment, as may be required, to perform a functional test of the
cpmponent following transient application.
4.4 Test Sptup and Procedure:
(a) Cpnnect a known functional EUT<as shown in Fig. 8.
(b) Epsure that the ambient temperature and supply voltage Vg are
mpintained as required:.by the appropriate test specification.
(c) Spt up the pulse generator to provide the polarity, amplitude and
Pplse duration asispecified in the appropriate test specification.
(d) Gpnerate theitest pulse.
(e) Perform the appropriate functional test to determine whether flailure
has occurred and record results.
4.5 Notes:

(a)

(b)

(c)

In determining the susceptibility level, care must be exercised to
eliminate the effects of cumulative deterioration such as dielectric
“punch through" in semi-conductor devices.

When testing to a -specified level, unnoticed failures may occur which

may be detected only by running life-cycle tests and comparing the

results of tested components against those of untested components.

Rise time requirements as specified in Figs. 7A - 7H represent a design
objective. For short duration, high voltage pulse, some rise times may
not be practical.
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4.5 (Continued):

(d)
(e)

The ambient temperature during the test shall be 23 + 5 °C.

Power leads should be separated from all other leads for these tests.

5. ELECTROSTATIC DISCHARGE:

5.1 Purpose: This section covers the requirements for determining the

susqeptib Tty of automotive electronic components/subsystems td
Eleqtrostatic Discharge (ESD).

5.2 Meagurement Philosophy: Occupants in a vehicle can generate significant

eledtrostatic potentials. Devices in the vehicle may fail when lan
eledqtrostatic discharge occurs.
Eleqtrostatic discharge simulator parameters for.isé in automotilve

applications are unique to the automotive envirdnment and differ

used

5.3 Apparatus:

(a)

(b)
5.4 Test

in other applications.

ESD Simulator characteristics:

from values

- Voltage Range: variable from 1 kV to 15 kV (negative ard positive

polarity)
- Capacitor: 330 pF (+ 10%)
- Inductor: <1wuH Ny
- Resistance: 20009 ~(+°10%)

- Tip: standard (IEC) finger model electrode. (See IEC §01-2)

ESD simulators are commercially available. Appendix C defines a test
method for evaluating the characteristics of the simulator [to ensure
the generation of accurate and reproducible discharge waveflorms.

Conductive Bench Top, at least 1 mZ.

Progedure:

(a)

(b)

The device shall be ive-
9A and 9B. Al1 voltage supply pins should be connected to a
appropriate power source. A1l ground pins should be connect

n in Figs.
n
ed

together. The ground pins, bench top, ESD simulator, and power source

shall be grounded together and to earth ground. A1l other p
be connected to simulate normal modes of operation.

The method of air discharge to a point shall be used to simu

ins shall
f

Tlate a real

world ESD event. The ESD simulator must be charged to the "test
voltage" before approaching the EUT. Approach the EUT at a speed
approximating a "normal" interface by a human finger (greater than 5

cm/s).
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5.4 (Continued):

(c) Twenty discharges shall be applied to specified test points at each
voltage Tevel; ten with positive polarity and ten with negative
polarity. A minimum of five (5) s shall be maintained between pulse
applications.

If significant variations are observed in the measurement data, twenty

discharges may not be sufficient to obtain statistically significant
results. If this is found to he the case, a larger numberof

discharges will be required.

(d) UYuring and after each level of testing, the device shaldll{be mpasured
flor performance which may indicate failure to meet design reqUirements.

6. RADIATHD SUSCEPTIBILITY, PUKER LINE MAGNETIC FIELD 60 HZ™TO 30 KHZ:

6.1 Purpose: This section covers the recommended testing technique fol
deternfining the susceptibility of automotive electronic modules, slbsystems,
and systems to magnetic fields generated by power transmission linés and
generdting stations.

b.2 Measuriement Philosophy: Electronic systems may be affected when ifimersed in
a magnetic field. These fields are found near high power transmis$ion lines
and power generating stations that generate magnetic fields. The fields
consisft of the fundamental (60 Hz :signal) and its odd harmonics with
amplitudes approaching those shown'in Fig. 10. Consequently, deviges in
vehicles that are driven near these sources may be subjected to thése fields.

6.3 Test Specification:

(a) Lpwer frequency: «60 Hz.
(b) Upper frequency% ) 30 kHz.
(c) Mpgnetic flux density of Helmholtz coil - see Fig. 10.

b.4 Test Apparatus: The following section describes a typical test setup that

could pe used-to generate a uniform magnetic field for the testing |as
illustratedin Fig. 11.

(a) Hetwhottz—€ott—TFhe Tadiusof thecofwiTT be determined by the size
of the EUT. In order to obtain a uniform magnetic field (+ 10%), the
relationship between the EUT and the coil is illustrated in Fig. 12.
The coil should be capable of producing frequency dependent magnetic
flux density of 160 dBpT at 60 Hz, decreasing at a rate of
1z dB/octave. For a pair of Helmholtz coils spaced one radius, the
magnetic flux density at the center of the system is given by:

B=n H= (8991 X107 N I)/R (Teslas),

where N is the number of turns on each coil, R is the coil radius in
meters, and I is the coil current in amperes. The coils are connected
in series so that the magnetic fields add.
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6.4 (Continued):

Or, the unperturbed magnetic field at the center of the system is given
by:

W o 0.7155 N 1

A/m),
e (A/m)
The current carrying capability and turn ratio should be selected such
tiratthe test Specification can be met. The coil should nott have a
self resonant frequency at or lower than the upper test,frepguency.
Helmholz coils can be purchased commercially.

(b) | Function generator capable of producing 60 Hz to 30 kHz.

(c) | Audio Power Amplifier: 60 Hz to 30 kHz (approximately 200 W). Should
be capable of delivering power to the coil to generate the specified

magnetic field intensity at various frequencies as shown in Fig. 10.
(d) [Current Monitor: 60 Hz to 30 kHz.

(e) |Magnetic Field Intensity Monitor: “60 Hz to 30 kHz. Should|be capable
of measuring the specified magnetic field intensity.

6.5 Test|[Setup and Procedure:

(a) |Connect the test setup according to Fig. 11 without the EUT.

(b) |Calibrate the systemBy generating the magnetic field, measyring the

field using the intensity monitor and recording the current |versus
field values.

(c) [Place the opénating EUT in the central region of the Helmholtz coil.
(Note: ThelHelmholtz coil criteria should be met.) Generatle the
desired magnetic field levels in accordance with the calibrgtion
established in paragraph 6.5 (b).

(d) [Monitor the EUT and record the respective magnetic field intlensity

for: (1) malfunction, (2) degradationof performances;—or—3) deviation
of parameters beyond tolerances indicated in the EUT specifications and
approved test plan.

6.6 Notes: Caution must be exercised when operating high power amplifiers to
avoid hazards to personnel and instrumentation. Instrumentation in the near
vicinity of the coils must be shielded to prevent interference from radiated
fields. Care should be exercised not to operate the coils near large metal
objects or inside a shielded enclosure.
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7. RADIATED SUSCEPTIBILITY, 14 KHZ - 200G MHZ, ELECTRIC AND MAGNETIC FIELDS USING
A TEM CELL:

7.1 Purpose: This section covers requirements for the determination, typically,
of the electric-field susceptibility of equipment, subsystems, and systems
(whose Targest dimension is less than 15 c¢cm) in the frequency range 14 kHz -
200 MHz using a TEM cell. However, since components of both the electric
and magnetic fields are established in the TEM cell, the technique can be
used for both electric and magnetic field susceptibility testing.

7.2 Measunement Philosophy: A TEM transmission cell is a rectangula®-jadaptation
of a doaxial line which sets up a region of uniform electric and magnetic
fieldg in a traveling wave of essentially free-space impedant®. The EUT is
exposgd to this electromagnetic source, but, typically, only-the
electric-field component is monitored. However, since components pf both
the ellectric and magnetic field are present, the exposure field cah be
calibated in terms of either electric or magnetic field for either electric
or magnetic field susceptibility testing.

This technique also prevents disturbance to eguipment not under tekst since
the RH field source and EUT are completely self-contained within the
electromaynetic enclosure.

The THM cell can be used to accurately<generate absolute test fiellds when
the EUT does not occupy an excessive.portion of the test volume (spe
paragffaph 7.5 c). It is especially useful for diagnostic testing [to
determine, for example; frequencies of EUT susceptibility, some infication
of hoﬂminterference is coupled<into the EUT, and the relative imprpvement in
EUT immunity resulting from efforts to reduce EUT susceptibility. | It cannot
be usqd to determine LUT susceptibility to absolute test field levpls if the
EUT includes Tong wire harnesses that must be exposed to the test field.
Only nelative tests can‘be performed for this situation. The TEM tell lends
itselfl to broadband-‘automated testing and to continuous, swept frefuency
testing over the complete frequency range covered by the single TEM mode
operatiion of the cell. TEM cell limitations due to EUT size and cell
multimoding are discussed in SAE J1448 JAN84 (see Ref. 8). An alternate
measurlement<approach is the use of open field tests as outlined in|the SAE
J1336 yUngl-(see Ref. 9). This approach however, is limited to dikcrete
frequgnCies.

7.3 Apparatus:

(a) Signal Source: Any commercially available signal source, power
amplifier, and general-purpose amplifier capable of supplying at least
100 W of modulated and unmodulated power to develop the susceptibility
levels specified in the test plan shall be used. Frequency accuracy
shall be within + 2%. Harmonics and spurious outputs shall not be more
than - 30 dB referred to the fundamental power.

(b) RF Voltmeter: A commercially available RF voltmeter capable of
measuring 100 V over the frequency range 14 kHz - 200 MHz.
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7.3 (Continued):

(c)
(d)

Termination: One 200 W, 50 € load.

Frequency Counter: A frequency counter capable of measurin
frequencies up to 200 MHz.

(e)

TEM Transmission Cell:
is shown in Fig. 13.

a transverse electromagnetic transm

Low-P Fi
frequencies greater than 300 MHz,

(f)

(g)
(h)

Monitors: Required test equipment to monitor the operation

Dual Directional Couplers:
10 - 200 MHz.

-30 dB or greater coupling rati

(i) | RF Power Meters With Sensors: Capable of Méasuring RF powe

to 100 mW at frequencies of 10 - 200 MHz¢
(J)
Test
Sugg
SUSQ
incl

(a)
(b)

Dual Channel XY Recorder

7.4 Setup and Procedure: A detailed,.step-by-step measurement

ested as a systematic approach for evaluating the EM radiat
eptibility of EUT is contained.in SAE J1448 JAN84. Briefly,

udes:

Place the EUT inside the cell as shown, for example, in Fig

Access the EUT as regquired for operation and performance mo
using appropriate shielded and fiber optic lines routed to
feed-through connectors mounted on the bottom outer shield
Fig. 13. Caremust be taken in routing the leads to obtain
meaningful, ‘repeatable results. Record lead positions for
references

(c) | Connect up the measurement system as shown in Fig. 14a or 1
14Ai's used for frequencies below 10 MHz and Fig. 14B is us

g

ission cell

0 dB at

of the EUT.

D5

r Tevels up

procedure,
bd
this

L 13.

nitoring
filtered

ns shown in
the most
Future

ib. Fig.
pd for

frequencies above 10 MHz.

(d) Generate the test field as required. The field strength, E

os at the

center of the cell, midway between the septum and lower or upper wall

is -determined by:

E=.Y_ri
0

(V/m)
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7.4 (Continued):

where Vg is the input voltage to the cell in volts and b is the cell
floor-to-septum separation in meters. At frequencies above 10 MHz,
Vpf is determined from he expression:

vrf = \/Pn/Gc (V)

where P, is the net power flowing through the cell as measured by the
power meters on the sidearm of the calibrated bi-directional coupler,

and Gc is the real part of the cell's characteristics admittante
(approximately = 0.2 mhos).

If
lo
co
to
is
1

(e) Op
te
wi
0s
th
to
su
sp

7.5 Notes:

(a) Un
te
fo

1.

.p7, the correction factor is 0.95).

r;

the EUT is placed near the floor of the cell, the test field will be
per, relative to the field midway between the septum and flopr. The
rrection is from 5 to 15% depending upon the cell™form factor (width
height ratio, a/b) (that is, If a/b is 1.0, this correction|factor
0.85; if a/b is 1.5, this correction factor 4s,0.92; and if|a/b is

erate the EUT as required while monitoring its response to the RF

st fields. Scan the entire frequency range from 14 kHz to 200 MHz
th particular emphasis made at the EUT's critical frequencie$ (Tocal
cillator frequencies, intermediate frequencies, etc.) as spe¢ified in
e test plan. Orient the EUT inyeach orthogonal plane within|the cell
determine maximum susceptibidity. Record the threshold of
sceptibility as performance~is observed or the maximum Tevel
ecified in the test plan*is achieved.

less otherwise required in the equipment specification or approved
5t plan, the test signals shall be modulated according to the
| Towing ruless

EUTs with audio channels/receivers

AM Receivers: Modulate 30% with 1000 Hz tone.
FM'Receivers: When monitoring signal-to-noise ratio, modulate with
1000 Hz signal using 30% modulation. When monitoring recejver

Yu ;Ct;lly, usc< 11V IIIUdU}GtiU”-

Other Equipment: Same as for AM receivers.
EUTs with video channels other than receivers - Modulate 90 - 100%
with pulse duration of 2/BW and repetition rate equal to BW/1000,
where BW is the video bandwidth.

Digital Equipment: Use pulse modulation with pulse duration(s) and
repetition(s) equal to those used in the EUT.

Non-Tuned Equipment: Amplitude-modulate 30% with 1000 Hz tone, or
as otherwise required in the test plan.
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7.5 (Continued):

(b)

(c)

(d)

(e)

Uetailed considerations concerning EUT size, frequency limitations, and
construction specifications can be found in SAE J1448 JAN84, In
general, the device should be less than 1/3 the length (L), width (2a),
and separation distance between cell septum and floor (b). Test
samples of any size could be tested using a TEM cell modeled from Table
1 as long as the EUT size verses TEM cell size criteria defined above
are satisfied. (These dimensions constraints prevent excessive
impedance loading and test-field perturbation when inserting the EUT
into the cell.) Thus, a small EUT could be tested at higher

frequencies 1n small cells, and a large EUT could be tested at lower
frequencies in a larger cell. The procedure for testing)i$ the same
for all sizes of cells except higher power signal souvces and

appropriate high-power terminations (50 Q) are required when using
larger cells to obtain the same test field levels,

The upper useful frequency for a cell is limited by the distortion of
the test signal caused by multimodes and resonances that o¢cur within
the cell at frequencies given in Table 1, ('see Refs. 10, 11}.

The useful upper frequency for the cel1vis reduced 10-20% from the
cutoff-multimode resonant frequency.given in Table 1 to acg¢ount for the
loading effect of the EUT.

Because the cell operates with ‘the fundamental TEM mode, broadband CW
testing with amplitude or frequency modulation is possible
addition, the cell can be-used to establish impulsive wave|forms for
testing by using an appropriate wave-form generator connected to the
cell's input port, assuming the frequency content of the wave form does
not exceed the multimode cutoff frequency of the cell.

Not all the tests oulined in this measurement procedure may be
required, and only those required by the test plan should be

performed, \ For example, if the objective of the measuremefpt program is
to reduce-the vulnerability (susceptibility) of the EUT, ofe EUT
orientation with one input/output lead configuration could|be tested in
one particular operational mode to a preselected susceptib{lity
test-field waveform and amplitude. Then, if corrective measures were
made to the EUT and placement of the EUT and its leads inside the cell
JEYE CAre duplicated epeat—measurement otldbemade. These
measurements could then be compared to determine the degree of
improvement.

6. RAUIATED SUSCEPTIBILITY 14 KHZ - 1 GHZ, ELECTRIC FIELD AND MAGNETIC FIELD

USING A STRIP LINE:

8.1 Purpose: This section covers requirements for the determination, typically,
of the electric field susceptibility of equipment, subsystems, and systems
(whose maximum height is less than 10 cm and maximum length is less than
2 m) in the frequency range 14 kHz to 1 GHz. However, since components of
both the electric and magnetic fields are established in the 1ine, the
technique can be used for either electric or magnetic field susceptibility
testing. :
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8.2

Measurement Philosophy: A strip line is a shieldless, unbalanced version of

a TEM transmission line which sets up a region of uniform electric and
magnetic fields in a traveling wave of essentially free-space impedance.
The primary usage of the strip line is to couple RF onto the wire harness
feeding the EUT. If desired, the EUT may also be tested using the strip
Tine similar to using a TEM cell, Section 7, but with a proportionally
smalier EUT. However, if the EUT is placed under the stripline, care must
be exercised not to use the test setup above the multimode frequency of the
stripline.

This to
deterniine, for example, frequencies of LUT susceptibility, some inflication
interference is coupled into the EUT, and the relative /imprpvement in
unity resulting from efforts to reduce EUT susceptibility. |It cannot
be usgd to determine EUT susceptibility to absolute test field levels if the
EUT includes Tong wire harnesses that must be exposed to,the test|field.
This ils because the wire harness is oriented longitudinally along the length
of thg strip line. Both the E and H fields are cross\polarized with the
wire Harness for this configuration; hence, the coupling occurs majnly at
the ends of the harness where it drops vertically to the EUT (aligped with
the TEM E-field). It is also possible to induCe'RF onto the harnebs from
differential mode coupling since the different wires are at different
heighyls above the strip line's ground plate,;

ignal Source: Any commercially available signal source, power
plifier, and general-purpose amplifier capable of supplying|at least
10C W of modulated and unmodulated power to develop the susceptibility
levels specified in thectest plan shall be used. Frequency agcuracy

hall be within + 2%¢ “Harmonics and spurious outputs shall npt be more
han - 30 dB referred to the fundamental power.

(b) In-Line Wattmeter: A commercially available wattmeter capable¢ of
asuring 200 W over the frequency range 2 MHz to 1 GHz.
(c) Voltmeter: A commercially available RF voltmeter capable ¢f
asuring 100 V over the frequency range 14 kHz to 10 MHz.

(d) Flrequency Counter: A frequency counter capable of measuring
frequencies up to  GHZ.

(e) Strip Line: A strip line is shown in Figs. 15A and 15B. The L
dimension should be at Teast 2 m. The ratio of W to H determines the
characteristic impedance according to the following equation:

2, = 120 « for W/H > 1

W/H + 2.82 - 0.84 HA+ (1 = HMW)®

Typical strip line is generally constructed to be either 50 or 96 Q
with W/H equal to 5 and 1.75 respectively. The resistive load can be
constructed of carbon resistors, conductive strips, etc. such that it
matches the characteristic impedance of the strip line minimizing the
standing waves.
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8.4 Test Setup and Procedure:

8.5

(a)
(b)

Test setup should be as shown in Fig. 16.

The EUT wire harness should be placed in a non-conductive fi
placed in the center of the line supported 5 cm off the grou

xture and
nd plane.

(c) The EUT must not be grounded to the strip line, but may be placed on a

non-conductive pad located on the strip Tine ground plane.

(d)

(e)

Notes|:

(a)

Generate the test field as required. For frequencies beldw

where:

v
Ey = —ﬁf volts/meter

For higher frequencies, a commercially available small field
should be used to establish a calibration carve.

Ey can be monitored after establishing(the calibration curve

vPz

Ey = o volts/meter

where P is the measurement forward power into the strip ling
Z is the strip line impedance in ohms, and H is the strip 1i
in meters.

The EUT shall be operated by its normal inputs, where possib
simulators external“to the strip line, filtered as required.

Uniess otherwise required in the equipment specification or
plan, the{test signals shall be modulated according to the f
rules:

A > 10L,

the field strength, Ey, can be measured by using an RF YoTtmeter

probe

in watts,
ne spacing

le, and by

ppproved
b1Towing

(b)

1. \'Test samples with audio channels/receivers

0,

FM Receivers: When monitoring signal-to-noisé ratio, modulate with
1000 Hz signal using 30% modulation. When monitoring receiver

quieting, use no modulation.
Other Equipment: Same as for AM receivers.

2. EUT's with video channels other than receivers. Modulate 90 - 100%
with a pulse of duration 2/BW and repetition rate equal to BW/1000

where BW is the video bandwidth.

3. Digital Equipment: Use pulse modulation with pulse duration(s) and

repetition rate(s) equal to those used in the equipment.

4. Non-Tuned Equipment: Amplitude modulate 30% with 1000 Hz tone or

as otherwise required in the test plan.

At frequencies over X = 2L, and 2W, moding may occur which w
the accuracey of the fields generated by the strip line.

i1l reduce
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8.5

9.
9.1

9.2

9.3

(Contin

ued):

(c) At frequencies over n = 4H, the strip Tine will radiate energy.

(d)

If the EUT occupies a significant portion of the volume between the

plates, the test field will be perturbed, resulting in a stronger field
than that indicated by the measured forward power.

(e)

Since the RF field is not self-contained, the test must be performed in

a shielded room with the generating and monitoring equipment being

ou
wi
ef
Th

11 result in room re

rgy radiated from the [ine into the enc

sonance which can cause large errors, (\F
fect can be reduced significantly by installing RF absorbing
ese panels reduce the level of the reflections from tie) walld

sure
is

panels.
of the

in the

shiielded room.

RADIATED| SUSCEPTIBILITY, 200 MHZ - 18 GHZ, PLANAR FIELD.(FAR-FIELD):
Purposef This section covers the requirements for the determinatiom of
electrig-field susceptibility of equipment, subsystems, and systems
frequentcy range 200 MHz - 18 GHz.

Measurement Philosophy:

At frequencies _about 200 MHz, TEM cells be

small t
becomes
enclosu
use of

perform
not unds
Ref. 3)

Aggarat

(a) Ang
chg
the

p test many types of equipment. “However, RF absorbing mater
effective and measurements can‘'be made within an RF shielde
re provided RF absorbing material is used to make it anechoi
such a facility is required if swept frequency testing is to
pd to contain the test fiield and prevent interference to equ
er test.  Alternately,lopen field tests as outlined in SAE J

could be used but aré limited to discrete frequencies.
Us:
pchoic chamber: The size, shape, and construction of an aned

imber can‘vary considerably depending upon the tests to be pé
> size .0f) the EUT and the frequency range to be covered. Bag

an(anechoic chamber consists of a shielded room with RF absorbi
material mounted on its internal surfaces. The minimum size of
ro¢m-is d i i i

come too
ial
q

I~
s o

be
ipment
338 (see

The

hoic
rformed,
ically,
ng

the

ize of

the transmitting antennas, the clearances needed between the absorber
and antennas, and the separation distance required between the

transmitting antenna and the EUT.

To create the test region (q

uiet

zone), the absorber, antenna systems, and chamber shape are selected to
reduce the amount of extraneous energy in the test region below a
minimum value which will give the desired measurement accuracy. Since
the performance of the absorber is a function of its construction

(thickness, shape, material, etc.)

and the angle of incident e

nergy,

the determination of the optimum location and construction of the
absorber in an anechoic chamber to meet specified reflectivity

requirements can be complicated.

Guidelines for designing and

using an

anechoic chamber for EMC measurements are available {see Refs. 13-15).
Table 2 gives a general recommended minimum thickness «of -the absorber
for covering the enclosure walls which will provide at least 20 dB

attenuation of the reflected power.
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9.3

9.4

{Continued):

(b)

(c)

Signal Source: Any commercially available signal source, power
amplifier, and general purpose amplifier capable of supplying the
necessary modulated and unmodulated power to develop the susceptibility
test signals levels specified in the test plan may be used. Frequency
accuracy shall be within *+ 2%; Harmonics and spurious outputs shall not
be more than -30 dB referred to the fundamental power.

Radiating Antennas: Any standard antenna such as a log periodic

(d)

(e)

Test

{200tttz =—1GHz);—and vectangutar or vidged horns (T - 8. GHz and
8 - 18 GHz bands) shall be used. Linear antennas yieldmotre
information about polarization if used.

Sensing and Calibration Equipment: Any standard antenna with EMI meter
or spectrum analyzer or calibrated field measuring probes dan be used.
Optinum results are obtained by using electrically small, isolated
E-field probes, which remove many of the uncertainties assdciated with
physically large receiving antennas. For a)more detailed discussion
and recommendations to avoid problems inherent in probing the fields
around an EUT, see SAE Paper No. 830606'A see Ref. 16).

Output Monitor: Appropriate instrumentation to monitor the performance
of the EUT shall be used.

Setup and Procedure:

(a)
(b)

(c)

(d)

(e)

The block diagram is shown in Fig. 17.

Distance from the EUT to the transmitting antenna is a fundtion of
frequency, EUT, and)antenna size. If the EUT or the largest
transmitting antenna dimension is less than a wavelength (N) the
far-field begins at A/27n, A uniform test field then is obtained at
separation distances greater than A. For electrically large EUT and/or
for antennas with electrically large apertures, the separatfion distance
should éxceed d4/ X\ where d is the largest dimension of the jantenna or
EUT.

Fields should be generated, as required, with the specified antenna.
€are should be taken so i t i ted by the
test signals. Test equipment, except for the antenna, should be
outside the shielded enclosure.

The specified field strength and polarization shall be established
prior to the actual testing by substituting a field-measuring antenna
in place of the EUT and by adjusting and recording the transmitter
power required to obtain a specified field intensity from the
transmitting antenna. (This calibration may be used for all subsequent
testing provided that exactly the same EUT location is used.)

The EUT shall be oriented in each orthogonal plane to determine maximum
susceptibility.
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9.4

9.5

(Continued):

(f)

Notes:

(a)

(b)

(c)

(d)

The entire frequency range from 0.2 - 18 GHz shall be scanned. Tests
shall be conducted at not less than three frequencies per octave,
representing the maximum susceptibilities within that octave. In
addition, tests shall also be made at the EUT critical frequencies
(Tocal oscillator frequency, intermediate frequency and others) as
specified in the test plan. Determine the threshold of susceptibility
by increasing the test signal until degradation of performance is
observed or the required test level is achieved.

Unless otherwise required in the equipment specificatiom or approved

plan, the test signals shall be modulated according to the fol|lowing
rgles:

1{ EUT's with video channels other than receiyvers, modulate 90 - 100%
with a pulse of duration 2/BW and repetition rate equal tq BW/1000,
where BW is the video bandwidth.
2{ Digital Equipment: Use pulse modulation with pulse duratilon(s) and
repetition rate(s) equal to those used in the equipment.
3] Non-Tuned Equipment: Amplitude modulate 30% with the 100q Hz tone
or as otherwise required in thectest plan.

The EUT configuration shall simufate actual operating conditi

nearly as possible in terms of\surrounding metal structure, ldad
1ength, and terminating impedances.

RR power handling capability of absorber shall be adequate to [insure
s3fe operation.

When required, a-Copper or brass ground plane (solid plate) shiall be
uged that has a min%mum thickness of 0.25 mm for copper or 0.63 mm for
brass and is 2.Z5 m“ or larger in area with the smaller side no less
than 76 cm{>~The ground plane shall be bonded to the shielded [room such
that the (DC bonding resistance shall not exceed 2.5 milliohms. In
aqdition, the bonds shall be placed at distances no greater than 90 cm
aparts-" For large equipment mounted on a metal test stand, the| test
stand shall be considered a part of ing
purposes and shall be bonded accordingly. The faces of the test sample
shall be located 10 + 2 cm from the edge of the ground plane. All
leads and cables shaTl be within 10 + 2 cm from the edge of the ground
plane and shall be approximately 5 cm above the ground plane.
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FIGURE T - Test setup for measuring conducted susceptibility, 30 Hz to 250 kHz,
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FIGURE 2 - Line impedance stabilization network reference impedance, 50 kHz to
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FIGURE 4 - Test source injection network
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FIGURE 3 - Line impedance stabilization.network reference impedance/ 5 MHz to
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FIGURE 5 - Eq
ta

uipment block diagram for measurin

100 MHz, powerline only.

POWERLINE
EUT LISN 0 L
TERMINATING
TEST
SOURCE
INJECTION
NETWORK
SUSCEPTIBILITY
TEST SOURCE MEASURING
INSTRUMENT

g ‘conducted susceptibility

TEST SOURCE
TEST POWERLINE
bme{ INJECTION EUT B— LISN
SOURCE NETWORK
TERMINATING
SUSCEP. LOADS FOR 500

MEASURING REMAINING TERMINATING

INSTRUMENT CONTROL AND IMPEDANCE
SIGNAL INPUTS

» 50 kHz

FIGURE 6 - Equipment block diagram for measuring conducted susceptibility, 50 kHz
to 100 MHz, control and signal inputs.
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(typically }3.5v DC)

FIGURE 7A - Test pulse 1 (disconnection from inductive loads with device under
g connected directly in parallel with this inductive

test remainin

load).
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0to 100V
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t, = 05sto5s
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nonon

90%
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— ~—| o S

FIGURE 7B - Test pulse 2 (sudden interruption of a series currenit).
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FIGURE 7C - Test pulse 3A (switching spikes).
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FIGURE 7D - Test pulse 3B-{switching spikes).
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FIGURE 7E - Test pulse 4 (single pulse, for example, starter motor engagement
disturbance).
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ral considerations of the dynamic behavior of alternators dufing load

ernal resistance of an alternator in the case of load dump if mainly a

ernal resistance of the load dump simulator shall be obtainef from the
hg relationship:

( 10 Vnom Nactua]
0.8 Iateq 12000 min™!

Rj

— specif ied vo]tage_%f the generator, Irated
at a speed of 6000 min ' (see ISO 8854), and N
Lor speed (min™ ).
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actual ~ actugl

| crépresent a value corresponding to specified values of excjtation
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<l ol
anud optctu.

2) The parameters are interrelated such that high values of Vg, Rj and T
correspond to each other and Tow values vice versa

3) Depending on the characteristics of the EUT (possibly including Zener diodes

and var

istors) the observed voltage waveform across the EUT may be quite

different from the open circuit waveform.

FIGURE 7F - Test pulse 5 (Load dump, single pulse).
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FIGURE 7G - Test pulse 6 (ignition coil current interruption).
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FIGURE 8 - Test setup for conducted transient susceptibility.
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FIGURE 9A - Laboratory testing of devices intended for installatign on

ground-connected chassis parts of,wvehicle.

Equipment i
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ES.D.. test
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Insulating plate 10 cm

FIGURE 9B - Laboratory testing of devices intended for installation on

plastic parts on vehicle.

insulating



https://saenorm.com/api/?name=ad7db4a89b696ef3b6fdad939ef18ee3

J1113

SAE, Page 34
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dBpT
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P e — e —— —— — — . — — — et —

12dB/OCTAVE
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FIGURE 10 - Magnetic flux dénsity versus frequency.

FREQUENCY 30 kHz

EUT
PERFORMANCE
MONITOR

FUNCTION
GENERATOR

AUDIO
AMPLIFIER

EUT IN

CURRENT HELMHOLTZ

MONITOR coLs

MAGNETIC
FIELD
MONITOR

FIGURE 11 - Block diagram for magnetic field susceptibility testing.
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FIGURE 12 - Helmholtz coil configuration.
COAXIAL LOAD SEPTUM (INNER CONDUCTOR)
VA  OUTER SHEwD
" \
- it K RF SOURC
DIELECTRIC ° ] = ; v
SEPTUM’SUPPORTS P
3 @ /g Y
ACCESS DOOR =
INPUT/OUTPUT/POWER LEADS —/ COAXIAL CONNECTORS
(FEED THRU CONNECTORS) (BOTH ENDS)
EQUIPMENT DIELECTRIC EQUIPMENT
UNDER TEST

SUPPORT

FIGURE 13 - Cut-away view of TEM cell used for radiated susceptibility testing.

Figure shows placement of EUT and associated input, output and
monitoring leads inside the cell.
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Block diaﬂram of system for susceptibility testing of equipment (used|typically
below 10 IHz)
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Block diagram of system for susceptibility testing of equipment (10 - 500 MHz)

FIGWURE 14 - Block diagrams of TEM cell systems for susceptibility testing of
equipment.
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FIGURE 15A - Design for a strip line.
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FIGURE 15B - Details for strip line design.
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GENERATOR" AMPLIFIER" WATTMETER STRIP LINE

“More Than One Generator & Amplifer May be
Required to Cover Entire Range

FIGURE 16 - Block diagram for strip line.
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FIGURE 17 - Block diagram of system for susceptibility testing of i
to 18 GHz?. Y g equipment (0.2
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TABLE T - TEM Cell Dimensions
TEO]
Cell # Recommended Cell Plate Center Cutoff/multimode
upper form separation septum frequency
frequency factor b W Propagation Resonance
(MHZz) a/b (cm) (cm) (MHZ) *(MHz)
1 40 1.0 150 124.5 29 44
2 60 1.0 100 83 43 66
3 80 1.5 60 68 66 86
4 100 1.0 60 50 72 110
5 120 1.5 40 45.6 100 129
6 150 1.67 30 36 128 162
7 160 1.5 30 34.2 134 172
8 200 1.0 30 24.9 143 220
*Resonance| frequency calculationcbased upon resonance length of cell efual to 3a.
(for example, 1.5 X width)

for covering enclosure walls

Frequency Absorber Thickness
MHz in (cm)
200 36 (91)
300 24 (61)

500-1000 18 (46)

——FABLE—Z—Recommended—minimum—thickness—of—absorber——
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APPENDIX A

Line Impedance Stabilization Networks

The following schematic diagrams are suggested for use in constructing the Tine
impedance stabilization networks required for performing the conducted
susceptibility measurements outline in Section 3. Care must be taken i
use to insure that the impedances specified in Figs. 3 and 4 are obtained.

CASE -

NOTE:

Impe
Impe
Heav
Powe

Powe|

TO EQUIP L
UNDER TEST A (APPROX_ 50 y H) 8
BP O — AL —0\O—>0 BP
(' 50A \
PRz Ot PR
15A
1 owr |
600V |
ré T -
— c2 c3
>
% ?&P§R4 == 20uF)== 0.03uF
600V 600V
NC g
I r > ?
: | %
5
> 1K) b
10
% 2W R3 < 250w
]
! /
\gp & \ —- - -0 BP

50 OHM COAXIAL
TERMINATION (IN(PEACE
OF RIFI METERS)
dance presented to- the equipment when connected for measuren

dance of the power source used.
y duty binding posts (mfr. standard electric time co.)

r receptaclie, 115 V, 15 A (3-wire polarized twist lock, male

n their

ents.

base).

rcreceptaclie, 115 V, 15 A (3-wire non-polarized, "U" shaped

grou

Type

dimg—stot)s

"N" connector (UG-58/U) panel mounting.

Coil - 26 turns of no. AWG-6 stranded wire with 600 V insulation wound

on 5

.5 in (14 cm) diameter coil form.

17-1/2"L x 17-1/2"W x 8-3/4"H (44.4 cm L x 44.4 cm W x 22.2 cm H) brass
(divided in two sections by a brass plate 17-1/2" x 8-5/8" x 1/16"

(44.

4 cmx 21.9 cm x 1.6 mm) thick).

Dual line stabilization network consists of two of the above networks.

FIGURE Al Line inpedance stabilization network (LISN), 50 kHz - 5

MHz.
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